A patient with cytoplasmic body myopathy presented muscle hypotonia from birth and developed progressive muscular atrophy and weakness, scoliosis, contracture of joints and cardiorespiratory failure. At the age of 17, he died of heart failure. Post mortem examination revealed severe hypertrophy of cardiac walls and generalized muscular atrophy. Microscopic examination showed many cytoplasmic bodies in skeletal muscle fibers and myofiber disarray in myocardium. No cases of cytoplasmic body myopathy with hypertrophic cardiomyopathy have been reported previously. It is suggested that the Z-line component is related to the formation of the cytoplasmic body in skeletal muscle and disarray in the cardiac muscle.
Introduction
Cytoplasmic body myopathy is one of the very rare congenital myopathies which is characterized by many cytoplasmic bodies in skeletal muscle fibers (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Clinically, cytoplasmic body myopathy reveals rather heterogeneous pictures as to heredity, age of onset, clinical symptoms and prognosis (8, 1 1) . Only seven cytoplasmic body myopathy patients with cardiac disorders have been reported in the literature (2, 5, (7) (8) (9) , and no cytoplasmic body myopathypatient with hypertrophic cardiomyopathy (HCM)has ever been documented. Here, we report a cytoplasmic body myopathypatient with severe muscular atrophy, scoliosis, joint contracture and HCM, and discuss the relation between cytoplasmic bodies in skeletal muscles and myofiber disarray in the cardiac muscle.
Case Report
The patient is a 17-year-old Japanese boy. An aunt of his father suddenly died of unknown cause at the age of 60 and a cousin of his father had idiopathic scoliosis, but there was no family history of neuromuscular disorders nor consanguinity. He was the product of a full-term pregnancy with normal delivery. However, he presented mild muscular hypotonia since birth and, subsequently, delayed motor developmental milestones with progressive muscle wasting and weakness were noted. Scoliosis and contracture of joints appeared when he was 4 years old. He suffered from dyspnea on exercise and palpitation from the age of 1 2 and was admitted to our hospital atthe age of 17.
On admission, his body weight was 33 kg andhis height was 138 cm. The pulse was irregular at 100/min and his blood pressure was 1 10/70 mmHg. He was an intelligent boy. Cyanosis, jugular vein enlargement and generalized edema were found. Severe scoliosis, deformity of thorax, and contracture of limb joints were seen, and generalized muscular atrophy and weakness were observed (Fig. 1) . Deep tendon reflexes were decreased in all limbs, and sensory disturbance or any symptoms suggestive of central nervous system involvement were lacking.
Routine blood studies showed the following abnormalities: Echocardiography disclosed slight pericardial effusion, marked enlargement of both atriums , and hypertrophy of both ventricular walls. Doppler echocardiography showeda slight tricuspid regurgitation. Cardiac catheterization revealed severe pulmonary hypertension and both ventricular filling pressures were elevated (Table 1) . Three months later, he died of heart failure.
A utopsy findings
At autopsy, there were no remarkable pathologic changes except for the skeletal muscles and heart. Frozen sections of 8 |am thickness were prepared from diaphragm, biceps brachii, quadriceps femoris, iliopsoas and paravertebral muscles. All muscle specimens showed mild Variation in fiber size, increase of internal nuclei and many vacuoles. The most notable feature was the presence ofintracytoplasmic inclusions in some degenerated muscle fibers: these cytoplasmic bodies were round or oval, and appeared reddish with HE stain ( Fig. 2A) and purplish with modified Gomori-Trichrome stain (Fig. 2B ), but did not show any histochemical reactivities for either NADHtetrazolium reductase or routine ATPase at pH 9.4. Dystrophin immunostaining was performed using 1 : 500 mouse monoclonal antibody 4C5 raised against a C-terminal peptide of dystrophin (15), revealing the normal localization of this protein in the muscle fibers examined. Formalin-fixed muscle tissues were post-fixed with 1 %osmiumteroxide, embedded in epoxy risin, and used for conventional electron microscopic observations. The core of the cytoplasmic bodies showeda fine filamentous appearance intermixed with dense amorphous material and the electron density of these bodies closely resemled that of Z-line (Fig. 3A) . Moreover, some cytoplasmic bodies contained structures similar to deformed Z-lines (Fig. 3B ) and the periphery of these bodies seemed to be continuous with distorted myofibrils.
The heart weighed 350g and showed marked hypertrophy of both ventricular walls (right ventricular wall, 7 mm; left ventricular wall, 17 mm) (Fig. 4A) , which is typical ofhypertrophic cardiomyopathy. Onmicroscopic examination, a small number ofmyocardial cells revealed degenerative changes and myofiber disarray was seen in almost all areas of the myocardium (Fig.  4B) . Scattered slight fibrosis with fatty infiltration was also observed, especially in the subendocardial conduction system. However,there were neither cytoplasmic bodies nor abnormal intracytoplasmic deposits in the cardiac muscle fibers and the intramural vessels revealed no significant changes. Concerning the pathology of lungs, extensive congestion was observed, but there was no fibrosis.
Discussion
Cytoplasmic bodies are unique sarcoplasmic inclusions of the skeletal muscle fibers (16), which can be found in various neuromuscular disorders, including inflammatory myopathy, myotonic dystrophy, progressive muscular dystrophy, periodic paralysis and mitochondrial myopathies (17). The term cytoplasmic body myopathy has been applied when many muscle fibers contain cytoplasmic bodies but no other definitive diag- nosis could be made (8) . Twenty-five patients of cytoplasmic body myopathy have been reported in the literature (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) , but the clinical pictures of cytoplasmic body myopathy vary as to heredity, onset, clinical symptoms and prognosis (8, 1 1) . This disorder, therefore, seems to encompass several different etiologies.
Chouand Mizunoreported that experimentally, spheroid cytoplasmic bodies are induced by local tetanus in rat plantaris muscle and these spheroid cytoplasmic bodies stain positively for desmin and actin immunohistochemically ( 1 8). Other studies revealed that cytoplasmic bodies in cytoplasmic body myopathy also stain positively for desmin (19), actin (14) and ocactinin, which are all contractile proteins knownto be linked at the level of the Z-line. On electron mciroscopy, MacDonald and Engel reported that cytoplasmic bodies appear to originate from the Z-line, because they are located in the same plane as the Zline, and their dense cores appear continuous with the Z-line (17).
Cytoplasmic body myopathy with cardiac dysfunctions has been reported in only seven patients (2, 5, (7) (8) (9) (Table 2) . Almost all the patients of cytoplasmic body myopathy with cardiopathy presented a progressive muscular atrophy and poor prognosis, as in the present patient, but the details of the cardiac disorders were not described. Clinical symptoms of heart failure and abnormalities of ECGor echocardiography in these patients do not necessarily indicate primary disturbance of cardiac muscle, since severe weaknssof respiratory muscles and/or markeddeformity of the thorax also cause congestive heart failure. In the present patient, marked hypertrophy of both ventricular walls on echocardiography, diastolic dysfunction in cardiac catheterization, and myofiber disarray of myocardium on light microscopic examination support primary disturbance of cardiac muscle, that is, HCM.
It is intriguing in this patient that cytoplasmic bodies in skeletal muscles and HCM in cardiac muscle coexisted. These findings suggest that an abnormality of somemuscle components which is expressed both in skeletal muscle and cardiac muscle might be the basic defect in this patient. The molecular genetic background of cytoplasmic body myopathy remained unidentified while data on the molecular genetics of familial hypertrophic cardiomyopathy (FHC) are accumulating. FHC, which is transmitted as an autosomal dominant trait, is a major cause of sudden death in the young. The locus of genetic abnormality in this disease was first mapped to chromosome 14ql l-ql2 (20) and revealed that the faulty gene codes for B myosin heavy chain, one of the major contractile proteins of the humancardiac muscle and slow skeletal muscle fibers (21). Subsequent studies revealed that mutations in the a-tropomyosin gene and cardiac troponin T gene cause FHClinked to chromosome 15q2 and chromosome . Other loci were mappedto chromosome 1 1 (25), 18q (26), 16 (27) and 2q (28). It is notknown what these genes code for. However, it is suggested that they encode other contractile proteins, which are expressed mainly in the cardiac muscle (a myosin heavy chain, cardiac myosin light chain 1 and 2, cardiac a actin, cardiac troponin C, I and others). Each of these protein isoforms has a role in the structure or contractile function of cardiac muscle.
Wedo not know the molecular basis of HCMin this case, although there is a possibility that an abnormality of a musclespecific gene caused the cytoplasmic bodies in the skeletal muscle and the disarray of cardiac muscle fibers. A defect in a gene-coding for a Z-line component could cause an abnormality in the muscle cell structure. Indeed, over-expression of truncated a-actinin formed a hypertrophied Z-line and nemalinelike bodies in cultured myotubes (29) . In the present patient, it Kinoshita (2) Edstrom et al (5) Wolburg (7) Patel (8) Otsuji (9) was not clearly demonstrated that the cytoplasmic bodies originated from Z-line. However, cytoplasmic bodies and HCM can be related to the Z-line structure and some Z-line components, such as a-actinin (30) and desmin which are expressed both in skeletal and cardiac muscles. Thus, the abnormality of the Z-line component might be responsible for Z-line-related cytoplasmic bodies and HCM.
